Abstract---
INTRODUCTION
ODERN electric power utilities are facing many problems due to increasing complexity in their operation and structure. Power system insecurity is one of the major problems faced by power engineers [1] . Voltage instability and voltage collapse have been considered as a major threat to present power system networks due to their stressed operation. So it is very important to control the power system properly [2] . Conventional power systems are controlled mechanically. However control, through mechanical devices is not as reliable as they tend to wear out quickly compared to the static devices. This necessitates power flow control to shift from mechanical devices to static devices. Static devices called the Flexible Alternating Current Transmission System (FACTS) devices [3] were developed, capable of effectively controlling the load flow distribution and the power transfer capability. The FACTS device performance depends upon its location and parameter setting.
The power electronic based FACTS devices introduced in 1980"s, provided a highly efficient and economical means to control the power transfer in interconnected AC transmission systems [4] . Power flow through an AC line is a function of phase angles, bus voltages and line impedance. Using FACTS devices, these variables can be effectively and efficiently controlled. A FACTS device in a power system improves voltage stability, reduces the power loss and also improves the security of the system [5, 6] .
However, owing to economical constraints of the FACTS controllers their usage in power system is limited. Placement and tuning of FACT controllers in a power system is to be optimized to achieve an optimal and efficient performance with the existing power system and the SVC is most commonly used shunt connected FACTS device capable of providing simultaneous control of voltage magnitude and reactive power flows. Owing to its fast response and unrivalled functionality, it is able to solve problems related to power flow control [7, 8] . The SVC, constructed by the combination of the fixed capacitor and thyristor controlled reactor [9, 10] can inject the capacitive reactive power to the system to control power flow in transmission lines and its parameters, like the voltage magnitude and the phase angle [11] . This paper presents Sensitivity analysis based VCPI to identify the optimal location of SVC. A new Meta heuristic optimization technique called BAT Algorithm is introduced to find the optimal size of SVC device to improve power system security. Its performance is compared with Genetic Algorithm (GA) [12, 13] technique. The real and reactive power generation values and voltage limits for buses are taken as constraints, along with susceptance limits of the SVC, during the optimization. Computer simulations using MATLAB were done for the IEEE14 bus system and IEEE 30 bus system and active power losses, the voltage profile and the size of the SVC have been consider the to compare the Genetic Algorithm based Optimal Power Flow with BAT Algorithm based Optimal Power Flow.
II. PROBLEM FORMULATION
The objective function is formulated to find the optimal size of the SVC device, which minimizes the total cost of the active power generation subjected to equality and inequality constraints.
A. Objective Function
The objective function is taken to minimize the active power generation cost through the optimal set of generations which is expressed as: 
B. Security Indices
The power system security is the ability to maintain continuous power supply to customers without interruption and with good quality. For the secure operation of the power system, it is important to ensure the required level of security margin. In this paper, the security margin indexes are defined as follows: The security Index consists of LSI relating to line flow, and VSI relating to bus voltage. LSI is less means the number of overloaded lines decreases. If the VSI value is near to zero than we can say that power system is more stable and secure.
III.
VOLTAGE COLLAPSE PROXIMITY INDICATOR (VCPI) FOR OPTIMAL PLACEMENT OF THE SVC A method based on the sensitivity of the total change in generator reactive power for a change in reactive demand at particular bus is proposed. It is defined as voltage collapse proximity indicator (V C P I). VCPI for each load bus, considering reactive power only is:
Where ∆Qg is the change in reactive power output at generators for a change in reactive load at bus i. Voltage and reactive power are closely coupled. For maintain voltage stability of the system all VCPI Qi values are greater than unity and should be close to unity. Highest VCPI Qi bus is the weakest bus in the system. The purpose of identifying the weak bus is to install a new reactive power source to protect the system from voltage instability.
The bus with the highest value of VCPI Qi is the most suitable location for SVC placement. In this problem 10% of the reactive load increased in respective load bus and calculate the VCPI Qi . The Table I indicates the VCPI Qi calculated bus number and its index for the IEEE 14 bus system. From this Table it is also observed that the bus no 9 has highest VCPI Qi compared to all other load buses. So the bus no 9 is the most suitable location for placement of SVC. Similarly Table II indicates that bus no 22 has rank 1 that means in the IEEE 30 bus system bus no 22 is the most suitable location for the placement of SVC followed by the buses 26,24,21 etc. The BAT algorithm has been used to find the optimum size for SVC. It is a nature inspired Meta heuristic algorithm which is developed by Xin-She Yang in 2010. Meta heuristic algorithms use certain trade-off of randomization and the local search. Randomization supplies a good way to move away from the local search to the search on the global scale. This algorithm is based on the echolocation behavior of micro bats. Micro bats use a type of sonar to detect food and prey, avoid obstacles and locate their roosting chink in the dark. These bats emit a very loud sound pulse and listen for the echo that bounces back from surrounding objects. BAT algorithm is developed by consider some of the characteristics of micro bats. The rules are given in [14, 15] V.
RESULTS AND DISCUSSION
In order to find the effectiveness of the proposed BAT Algorithm for Optimal Power Flow with SVC, IEEE14 bus system and IEEE30 bus system are taken. An OPF program using BAT algorithm is implemented in MATLAB environment without and with SVC. The results have been presented and analysed. The input parameters of BAT Algorithm for the test system are given in the Table III. 
A. For 14 Bus System
In IEEE 14 bus system bus no 1 is considered as a slack bus and bus numbers 2,3,6,8 are considered as a PV buses all other buses are considered as load buses. This system has 20 interconnected lines. A MATLAB program is written for the test system and the results have been presented and analysed. Table IV indicates the generators coefficients, minimum and maximum limit of real power generation for generator buses.
The active power generation and power loss for the IEEE 14 bus system without and with SVC is shown in Table V and it is observed that active power losses are reduced to 5.4101 MW from 6.2727 MW with placing SVC in BAT Algorithm based Optimal Power Flow. The SVC is set to regulate the bus no 9 nodal voltage magnitude at 1 p.u. and SVC value was tuned to 81.86 MVAR using BAT Algorithm. In case of Genetic Algorithm based Optimal Power Flow to regulate the bus no 9 voltage magnitude to 1.0pu, the SVC value has been tuned to 83.36 MVAR. Table VI represents the voltage deviation, SVC susceptance value, total active power generation cost, security indices and active power losses for IEEE 14 bus system without SVC and with SVC using GA-OPF and BAT-OPF for different loading conditions. Table VI also indicates at 150% loading condition without SVC the optimization problem does not converge due to heavily increased load. By incorporating the SVC in optimization problem it was converged and the results indicate that there was a good improvement in voltage profile with SVC in BAT Algorithm based OPF. From this we conclude that by incorporating the SVC in optimization problem enhances the power system security. Fig. 1 indicates the comparison of voltage profile without and with SVC using BAT algorithm. Table II it is indicating that the optimal location for SVC is bus no 22. By placing the SVC at bus no 22 in both Genetic Algorithm and BAT Algorithm based Optimal Power Flows and the results have been presented and analysed. Fig. 4 and Fig. 5 indicates the convergence of the objective function using BAT algorithm without and with SVC, these figures shows that BAT algorithms takes less number of generations to get the final steady value and from these figures it has also been observed that by incorporating SVC in BAT algorithm based OPF reduce the objective function value. Table X represents the objective function values with variation of BAT parameters. From this table it has been observed that by increasing the population size objective function value improved and time for computation also increased. In this paper population size consider as 20 which gives reasonably better value with less computation time. Varying the loudness and pulse rate also objective function value is varied. In this paper loudness and pulse rate are consider as same equal to 0.5 because this value gives better results compared to other values. 
VI. CONCLUSION
In this paper, sensitivity analysis based Voltage Collapse Proximity Indicator has been implemented for optimal location of SVC. After placing the SVC in best location, a new swarm based BAT Algorithm has been proposed to find the optimal size of SVC. The effectiveness of BAT Algorithm was demonstrated and tested. The results show that incorporating the SVC in the IEEE 14 bus and the IEEE 30 bus system the total active power losses are reduced and voltage profile is improved. The comparative study of the BAT Algorithm and GA based Optimal Power Flow in solving the optimal tunning problem also reflected the effectiveness of the proposed approach. The obtained VSI and LSI values show that SVC is the most effective shunt compensation device that can significantly increase the security of the power system. The results also indicate that BAT algorithm based optimization technique is more secured, reliable and efficient. The obtained results also indicates that increase in the load demand increases the real power losses, real power generation, real power generation cost and SVC value.
